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Abstract The aim of this study was to investigate effects of
kefir, a traditional source of probiotic, on coccidial oocysts
excretion and on the performance of dairy goat kids following
weaning. Twin kids were randomly allocated to one of two
groups at weaning. Kids of the first group received 20 ml of
kefir daily for 6 weeks (KEF), while kids in the control group
were given a placebo (CON). Individual faecal samples were
regularly (n018 per kid) taken to quantify the number of
coccidial oocysts per gram of faeces (OpG). There were no
differences between the groups in terms of body weight de-
velopment (P>0.05) and feed consumption. Kids of both
groups were not able to consume enough feed to meet their
nutrientrequirementsduringthefirst3weeksfollowingwean-
ing.KEFhada lower frequencyofOpGpositivesamples than
CON (P00.043). Kefir did not affect the maximum oocyst
excretion and age of the kids at the highest oocyst excretion
(P>0.05).KEFshednumerically35%lowercoccidialoocysts
than the controls, which corresponded to a statistical tendency
(P00.074) in lowering Log-OpG in comparison to CON.
While KEF had a lower frequency of OpG positive samples
and tended to shed lower OPG by around one-third, the
frequency of diarrhea, level of highest oocyst excretion, and
performance of the kids remained unaffected. Therefore, it is
concludedthatoveralleffectsofkefirdonothavea significant
impact on sub-clinical infection and performance in weaned
kids under relatively high-hygienic farming conditions.
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Introduction
Coccidiosis, a parasitic infection caused by Eimeria species
and which occurs particularly in young and stressed animals,
isone oftheeconomicallymostimportantconstraintsinsheep
and goat production (Kusiluka et al. 1998). The clinical state
of infection is often reported as one of the main factors
responsible for kid mortality in the pre- and post-weaning
periods (Koudela and Bokova 1998;I m i ke ta l .2000;D o n k i n
andBoyazoglu 2004).As the clinicalsigns oftheinfection are
not observed in the sub-clinical cases, the impact of sub-
clinical coccidiosis on farm economy seems to have been
neglected. There is evidence that natural sub-clinical infec-
tions with coccidia can impair growth performance of young
ruminants(Alzieuetal.1999;Gaulyetal.2004).Accordingly,
high negative correlations between oocyst counts and body
weight development have been reported in lambs during
growth period (Gauly et al. 2004; Reeg et al. 2005). As
summarized by Değer et al. (2003), prevalence of asymptom-
atic sub-clinical coccidial infections, confirmed with the pres-
ence of Eimerian oocysts in faeces of goats, ranges between
53.3% and 94.8% in Turkey, which is similar to the other
reports from tropical and sub-tropical regions of the world
(Jalila et al. 1998; Koudela and Bokova 1998; Harper and
Penzhorn 1999;W a n ge ta l .2010;Z h a oe ta l .2011).
The classical control and treatment of the infection are
mainly based on the use of anticoccidial drugs (Stafford et al.
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DOI 10.1007/s11250-011-0039-31994; Morand-Fehr et al. 2002). However, due to increasing
resistance of parasites to the frequently used drugs, alternative
approaches that do not rely on chemical drugs are becoming
more important (Stear et al. 2007). In this context, probiotics
may contribute to control strategies in sustainable animal pro-
duction. Although there are successful attempts to use probi-
otics for controlling coccidiosis in broiler chickens (Dalloul
et al. 2005), to date, there are no similar reports in goat kids.
Kefir is made from fermented milk, and consumed as a bever-
age with probiotic activity (Otles and Cagindi 2003). Kefir
stimulates proliferation and colonization rate of beneficial bac-
t e r i ai nt h eg u t ,w h i c hi nt u r np r e v e n t so v e r g r o w t ho fc e r t a i n
pathogens, particularly under weaning conditions (Ota 1999).
Weaning is an inevitable husbandry practice that affects the
gastrointestinal microbial ecosystem. Radical changes in the
feeding habits of individuals are the most noticeable stressors
caused by weaning (Orgeur et al. 1998). Thus the transition
period from a non-ruminant to a ruminant is a critical period in
which the digestion processes represent high vulnerability to
gastrointestinal disturbances (Draksler et al. 2002).
Wehavepreviouslyobservedthatcoccidialoocystcountsof
naturally infected kids tend to increase following weaning (Daş
et al. 2005). Eimeria spp. are intracellular parasites (Taylor
et al. 2007), which must first adhere to epithelial surfaces in
the gastrointestinal tract to invade host cells for establishing
and further replicating. Gut-adapted probiotic bacteria may
compete for adhesion sites and occupy common receptors on
the epithelial cells (Dalloul et al. 2005). Therefore, we hypoth-
esized that probiotic supplementation may contribute to the
beneficial microorganism populations in the gastrointestinal
tract and thereby decrease vulnerability to coccidiosis in
weaned goat kids. The aim of this study was to investigate
the effects of kefir on coccidial oocyst excretion and perfor-
mance parameters of dairy goat kids following weaning.
Material and methods
Animals and treatment
The study was carried out with 20 twin Saanen kids, born
withinaperiodof9days,attheTechnologicalandAgricultural
Research Centre (TETAM) of Çanakkale Onsekiz Mart Uni-
versity, Turkey (38 m altitude, 40°7′38.82″N, 26°26′24.66″E).
In the pre-weaning period, all kids were kept together with
their mothers as one group. The experiment was initiated
immediately after weaning. Each of the weaned twin kids
was allocated to one of two experimental groups (n010) with
equal numbers of each gender. Kids of the first group received
20mlofkefirorallyperdaybeforemorningfeedingfor42days
(KEF), while the kids of the control group received a placebo
with the same amount of water daily (CON). Fresh kefir
was obtained from a commercial company (Altınkılıç™)a n d
contained Lactococcus spp. (10
10–10
11 cfu/g), Lactobacillus
spp. (4.7×10
3 cfu/g) and yeasts (10
3 cfu/g). Concentration of
microorganisms in kefir was approximately 1.7×10
11 cfu
per kg of the estimated final body weight (12 kg), which was
higher than that given (1.2×10
9 cfu/kg body weight [BW]) in
a previous study carried out with the same animal genetic
material (Ataşoğlu et al. 2010).
Initial values of weaning weight and age of the kids were
similar between the groups (one-way analysis of variance
[ANOVA], P>0.05). Average weaning age and weight of the
kids (means±SD) were 47.6±2.74 days (range 42–51 days)
and 8.98±1.11 kg, respectively. Following weaning, the
groups of kids were housed in two growth units within the
same experimental stable, separated with metal fence panels.
Strawwasusedaslittermaterialandremovedweeklytoensure
a general level of sanitation in the stable. Grower concentrate
(880.4 g dry matter [DM]/kg; 198.5 g crude protein [CP]/kg
DM) and alfalfa pellets (881.7 g DM/kg; 155.1 g CP/kg DM)
wereoffered ad libitum under group conditions. Daily concen-
trate and alfalfa consumptions of the groups were recorded.
Water was also offered ad libitum. The kids were weighed
weeklyusinganelectronicscale(±20g)anddailyweightgains
(ADG) for each week were calculated.
Faecal samples
Faecal samples were taken from each kid three times per
week for 6 weeks following weaning. As it was previously
confirmed that the vast majority of animals kept in the
research farm were positive for the presence of coccidia in
their faeces, it was assumed that the kids included in this
study would naturally acquire sporulated coccidial oocysts
at early stages of life due to environmental contamination
and would become sub-clinically infected. Individual faecal
samples were collected directly from the rectum at the same
time of sampling days. Faecal samples were examined by a
modified McMaster counting technique with saturated NaCl
as the flotation fluid (MAFF 1986). Number of oocysts per
gram of faeces (OpG), a quantitative measure of sub-clinical
coccidiosis, was calculated and taken into consideration as
total Eimeria oocysts count without species specification.
Samples containing ≥100 oocysts were considered positive for
OpG. All samples were examined on the same sampling day
without any delay. The kids were monitored daily by one
personforthepresenceofdiarrheabycheckingthehindquarter
of each kid for fresh watery faeces.
Statistics
A general linear model was used for analyzing BW and ADG
data by performing repeated-measures ANOVA using Proc
Mixed of SAS Institute Inc (2010). The model included fixed
effects of treatment (CON and KEF), gender (female and
1050 Trop Anim Health Prod (2012) 44:1049–1055male), week (1–6) and all possible interactions among these
factors. Due to repeated measurements over the experimental
weeks,effectofindividualanimalwasincludedinthemodelas
random. Descriptive statistics were calculated for feed con-
sumption and estimated nutrient consumptions of the groups.
OpG counts were logarithmically transformed using a
function [Log10 (OpG+1)] to correct for heterogeneity of
variance and to produce an approximately normally distrib-
uted data set. Differences between oocyst counts of the
groups (Log-OpG) were analyzed with repeated measures
analysis of variance. In this model, treatment, gender, sam-
pling day (1–18) as well as all possible interactions among
these factors were included as fixed factors. As the faecal
samples were taken from the same kids on different sampling
days(n018),repeatedlysampledkid(subject)wasincludedin
the model as random.
Effects of kefir on the frequency of coccidia free faecal
samples (OpG negative samples) and on the occurrence of
diarrhea was assessed with a logistic regression using the
Genmod procedure of SAS Institute Inc (2010).
Results
Changes in average daily total feed consumption of the
groups are presented in Fig. 1. Feed consumption of the
groups increased from the beginning to the end of the study
with a more prominent increase observed during the last
3 weeks. Overall average daily feed (concentrate+alfalfa
pellet) consumption of the kids were 524±67 and 480±76 g/
day for the CON and KEF groups, respectively.
Weekly changes in the average DM intake and CP intake
estimates of the groups are presented in Table 1. Average
DM and CP intakes of the kids, relative to metabolic BW,
almost doubled from beginning to the end of the experiment
in both groups.
There was no significant effect of kefir on BW and ADG
during the study (P00.526 and P00.530, respectively).
Average final BW of CON and KEF kids (as LSMEANS±
SE) were 12.2±0.57 and 11.8±0.57 kg, respectively. The
effect of experimental weeks on BW and ADG was signif-
icant (P<0.0001), while no significant effect of gender or
interactions was observed (P>0.05). Overall average ADG
of the groups were 107.6±14.34 and 94.3±14.85 g/day for
CON and KEF groups, respectively (P>0.05). As shown in
Fig. 2, ADG of both groups followed a quite similar pattern,
characterized by a sharp decline 2 weeks after weaning and
a prominent increase in the last 3 weeks.
All the kids were sub-clinically infected as confirmed by
the presence of coccidial oocysts in their faeces. KEF had a
lower frequency of OpG positive faecal samples than CON
(Table 2; P00.043). Kefir did not significantly affect max-
imum oocyst excretion of the kids or affect the age of high-
est oocyst excretion (P>0.05). Overall average OpG of the
groups were 4,361±1,031 and 2,813±1,050 for CON and
KEF groups, respectively. KEF tended to have a lower level
of Log-OpG when compared to CON (P00.074). Although
there was a significant effect of sampling date (P00.006) on
the Log-OpG, no significant interactions between effect of
treatment and sampling date were observed (P00.219).
Similarly, effect of gender as well as interactions, either
between gender and treatment or between gender and
sampling date, were not significant (P>0.05). A triple
significant interaction between effect of treatment, gen-
der and sampling date was also absent (P00.446). As
s h o w ni nF i g .3, there was an increase in the Log-OpG
values of both groups following weaning until the third week
of the study and afterwards a decrease back to almost initial
levels.
Frequency of animals showing diarrhea were similar (P0
0.787) in both groups, with 7.62% of kids in CON and
6.50% of kids in KEF presenting with watery faeces
(Table 2).
0
100
200
300
400
500
600
700
800
900
1000
1 8 15 22 29 36
Time (experimental days)
D
a
i
l
y
 
f
e
e
d
 
c
o
n
s
u
m
p
t
i
o
n
,
 
g
/
k
i
d Control
Kefir
Fig. 1 Average daily feed
(concentrate and alfalfa pellets)
consumption of the
experimental groups
Trop Anim Health Prod (2012) 44:1049–1055 1051Discussion
Although kefir-fed kids had lower frequency of OpG positive
samples and passed numerically lower (35%) number of
oocysts in their faeces, differences between the groups in
Log-OpG did not reach a significant level (P00.074). This
indicates that the numerical decrease in OpG, which corre-
sponded to a statistical tendency in lowering Log-OpG by
kefir, was mainly due to lower frequency of OpG positive
samples of KEF. As kefir did not affect the frequency of
diarrhea, level of the highest oocyst excretion and age of kids
at the highest oocyst excretion as wells as growth performance
andfeedconsumptionof thekids,overalleffects of kefirdonot
have a significant impact on the sub-clinical infection.
Under farm conditions the vast majority of goats are sub-
clinically infected with different Eimeria species (Koudela and
Bokova 1998; Kusiluka et al. 1998;D e ğer et al. 2003;G ü l
2007). Lambs reared under farm conditions have been shown
to pass coccidia through their faeces within 2 weeks of life,
confirming that newborns come into contact with the parasite
within the first days of life (Le Sueur et al. 2009;S a r a t s i se ta l .
2011). In the present study, all kids shed oocysts, indicating
thattheyallacquiredsporulatedoocystsfromthecontaminated
environment and were sub-clinically infected. However, the
presence of oocysts in faeces does not necessarily indicate a
clinical state of infection. According to Scott (2007), coccidi-
osis is considered to be clinical in lambs when OpG is greater
than 100,000. None of the kids shed such a high number of
oocysts during the 6-week post-weaning period, and probably
thus,showednoclinicalsigns ofinfection.This is inagreement
with other studies showing no clinical signs of infection, even
if performance of the animals is impaired in the sub-clinically
infected animals (Alzieu et al. 1999; Gauly et al. 2004;R e e g
etal.2005).Diarrheaisoneofthemost typicalsymptomsofthe
clinical state of coccidial infection. However, the frequency of
kids showing diarrhea was also low and similar in both groups.
No difference was observed between the two groups for
BWdevelopment.ADG ofbothKEFandCONweresimilarto
previous reports with the same genotype under similar con-
ditions (Ugur et al. 2004;P a l ae ta l .2005;A t a şoğlu et al.
2010). ADG of all kids decreased markedly until the third
weekof thestudy. During the same period (first 3 weeks), feed
consumption and estimated nutrient intakes of the kids were
nothighenoughtomeetnutrientrequirementswhencompared
to the official recommendations of the NRC (1981). Thus the
low nutrient intake level and the declining ADG of the kids in
thefirst3weeksafterweaningindicateaweaningshockdueto
undernutrition. There is a well-known relation between age of
animals and decreased level of oocyst excretion due to ac-
quired immunity against Eimeria species (Jalila et al. 1998;
Kusiluka et al. 1998; Harper and Penzhorn 1999; Gauly et al.
Table 1 Average dry matter (DM) and crude protein (CP) intake of the
kids starting from weaning to 6 weeks after weaning
Weeks DM (g/BW
0.75/day) CP (g/BW
0.75/day)
CON KEF CON KEF
1 57.04 43.39 8.85 6.73
2 68.28 57.90 10.59 8.98
3 64.12 66.10 9.95 10.26
4 75.03 72.65 11.64 11.27
5 96.47 89.22 14.97 13.84
6 102.63 106.33 15.92 16.50
DM dry matter intake as proportion of metabolic weight (BW
0.75), CP
crude protein intake as proportion of metabolic weight (BW
0.75)
Time (post-weaning weeks)
123456
A
v
e
r
a
g
e
 
d
a
i
l
y
 
w
e
i
g
h
t
 
g
a
i
n
,
 
g
/
k
i
d
0
50
100
150
200
250
Control
Kefir 
Fig. 2 Average daily weight
gain of the kids throughout
the experimental weeks
(Presented as LSMEANS and
SE on error bars)
1052 Trop Anim Health Prod (2012) 44:1049–10552004; Saratsis et al. 2011). Weaning is considered a stressful
eventthat can, in some cases, precipitate clinicalcoccidiosis in
kids (Imik et al. 2000). Although no clinical signs of infection
were observed, oocyst excretion levels of both groups in-
creased until the end of the third week. In comparison to
protozoan infections including coccidiosis, effects of host
animal nutrition on resistance to nematode infections are
better known (Kyriazakis and Houdijk 2006). The increase
in oocyst excretion might have been associated with undernu-
trition, since the initial level of oocyst excretion could only be
approached within the last 2 weeks when feed consumptions
of the kids were within the recommended limits.
The number of oocyst found in faeces is considered an
indication of the number of intestinal cells destroyed by the
intracellular residing Eimera species (Taylor et al. 2007)a n d
therefore sub-clinical infections of coccidia must also be as-
sociated with some metabolic costs to the host animal. How-
ever, it is not known which level of sub-clinical infection,
quantifiable by oocyst excretion, is associated with measur-
able effects on the performance of the host animal. The
complexity in quantification of effects of infection on perfor-
mance may arise from several factors, including composition
of 16 Eimeria species that are known to infect goats with
varying pathogenicity (Silva and Lima 1998; Harper and
Penzhorn 1999). Kefir did not influence most of the infection
parameters and performance of the kids; therefore, it is as-
sumed that kefir might not have a significant effect on the
composition of Eimeria species.
This study was performed under relatively high-hygienic
conditionswhen comparedto farm conditions in thefield. As a
consequence, the level of oocyst excretion of the kids was far
lower in comparison to other studies (Koudela and Bokova
1998; Harper and Penzhorn 1999). Straw based litter material
is considered as an ideal environment for oocyst survival and
rapid sporulation (Berriatua et al. 1994;S a r a t s i se ta l .2011).
Regular litter removal from the growth units must, therefore,
Table 2 Epidemiological parameters describing coccidial infection of the two groups
CON KEF P value
OpG positive samples (%)
a 86.6 77.8 0.043
Maximum OpG
b 24 542±19 097 19 397±18 972 0.553
Age at the highest OpG (day)
b 61.3±10.14 66.0±11.08 0.336
Oocysts per gram of faeces (OpG)
c 4361±1031 2813±1050 –
Log-OpG
d 2.78±0.190 2.67±0.193 0.074
Percentage of kids showing diarrhea (%)
a 7.6 6.5 0.787
aAnalyzed with Proc Genmod
bAnalyzed with one-way ANOVA, presented as means and SD
cUn-transformed data, presented as LSMEANS and SE
dLog-transformed data, presented as LSMEANS and SE
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cies require up to 6 days for sporulation to reach infective
stages (Taylor et al. 2007). Although KEF had a lower fre-
quency of OpG positivesamples, this effect was not associated
with the performance, probably due to low levels of infection.
It is generally accepted that probiotics exert their activity more
influentially when husbandry conditions deviate from the op-
timum (Ataşoğlu et al. 2010). Thus, future studies may focus
on effects of kefir on sub-clinical coccidial infection under
worse farming conditions.
Conclusion
While KEF had a lower frequency of OpG positive faeces
samples and tended to shed a lower number of oocysts by
around one-third, the frequency of diarrhea, level of highest
oocystexcretion,growthperformanceandfeedconsumptionof
the kids remained unaffected by kefir. Therefore it is concluded
that overall effects of kefir do not have a significant impact on
the sub-clinical infection and performance in weaned kids
under relatively high-hygienic farming conditions.
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